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deduction of similar equations has beén presented. If the normal (nonsuperconduct- 
ing) current is not taken into account, the equations permit the existence of quasi- 
equilibrium superconducting states in crossed electric and magnetic fields; these 
states correspond to the movement of Abrikosov lines in a direction perpendicular to 
E and H, The upper critical field of H 2 is a function of the electric-field strength, 
However, for superconducting metals or alloys, the effect of variation of H_, with E 
is very small, It has been shown that the resistance effects in superconductors must 
be accompanied by the high-frequency energy emission due to the movement of the 
periodic line structure. Irradiation of a superconductor in the mixed state by an ~ 
external high-frequency field must change the shape of the volt-ampere curve when 
H <CH,g- The author thanks A, A. Abrikosov, corresponding member AN SSSR, 
I. Ye. Pzyaloshinskiy, and L, P, Pitayevskiy for their criticiam and valuable remarks, 
which have been taken into consideration in preparing this article, and M. P. Kemoklidze 
for his interest inthis work, Orig, art. has: 57 formulas, {Based on author' 
abstract] : (NT] 
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upwards through the tubes. A Liquid scrubbing ghase is 
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and passes down through the tubes forming a foam with the 
vapour phase. As the foam moves downwards through the 
tubes the separation of the gas and liquid takes place. 
The liquid phase leaves the column through hydraulic seal, 
while the gas leavos through the outlet at the top of the 
column. The officiency of the colunn (75 mn dia, 1200 ium 
high, containing 38 tubes 9 mi in dia and 670 om high) was 
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r A New Apparatus for Intensification of Heat and Mass Exchaenge 

; Frocesses 
tested on the process of purification of coke oven gas 
from hydrogen sulphide by the arsenical-soda solution. 
Mean results are given in the table; the efficiency of 
the column was found to be 130 - 180 times higher than 
that of works' scrubbers. 
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and illustrated. There are © figures and 1 table. 
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AUTHOR: Kulik, I. 0, 


ORG: Physicotochnical Institute of Low Temporatures, AN UlerSSR (Figiko~tekhnichcakiy 
institut nizkikh temperatur AN UkrSSR) 


TITLE: On a theory of superconductivity in a phonon model 


SOURCE: AN UkxSSR. Elcktronnyye svoystva metallov i splavov (Electronic properties of 
metals and alloys). Kiev, Izd-vo Naukova dumka, 1966, 4-17 


TOPIC TAGS: suporconductivity, phonon interaction, electron interaction, asymptotic 
property, thermodynamics 


ABSTRACT: An attempt is made to develop a theory of superconductivity in a phonon. 
eS model at ultimate temperatures. It is also attempted to prove that this theory leads 
. to results agreeing with the corresponding results of the theory of superconductivity 
based on the Hamiltonian model of Bardin. Formulas are derived with the aid of the 
thermodynamio perturbation theory. The model potential 
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is shown to lead to the same results as the Bardin interaction potential 


“Va-aw,: D0 rr 
tte avail W Atl Ut E I< o 
WG . al | oF len) 


: where w, is the Debye totes All of the thermodynamic corollaries of the proposed 
ae model are the same as for the conventional Bardin theory. Orig. art. has: 45 forgulas. 
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| TITLE: Nuclear magnetic resonance in the resistive state of superconductors of the 
| second kind ww 
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Prilozheniye, v. 4, no. 4, 1966, 138-140 


TOPIC TAGS: nuclear magnetic resonance, superconductivity, superconducting alloy; 
critical field, resistivity 


ABSTRACT: This is a continuation of earlier work (Pis'ma ZhETF v. 3, 183, 1966; ZhETF 
v. 50, 1617, 1966) where it is shown that the motion of magnetic flux filaments in 
superconductors of the second kind in the "resistive" state leads to the occurrence of 
high-frequency radiation, which is monochromatic if the filaments form a regular lat- 
tice and move with constant velocity (such a situation can be realized in fully homo~ 
genized superconducting alloys). In the present paper the author proposes a method 
for observing this phenomenon with the aid of nuclear magnetic resonance (NMR). The 
calculation of the proposed effect shows that the following singularities are produced j|~— 
in the NMR spectrum when the vortices move: 1. Besides the main resonance (W) Wp), ; 
"satellites" appear, with frequencies W) = W) + nf. Their intensity is determined by 
the same expression as the main resonance at an exciting-field amplitude. Under 
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*. saturation conditions, the intensity of the NMR signal does not depend on the exciting 
field. 2. ‘The NMR line may differ greatly in shape from Lorentzian. When the vortex 
structure moves, the absorption line becomes narrower and changes in shape. More de~ 
tailed calculations will be published later. ‘The purpose of the present note was to 
call attention to NMR as an effective tool for the study of the structure and distri- 
bution of the internal fields in superconductors of the second kind. The author th 
M. I. Kaganov for discussions. Orig. art. has: 2 formulas. 
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PERIODICAL: Kristallografiya, 1959, Vol 4, Nr 4, pp 613-617 (USSR) 


ABSTRACT: 


Cardl1/2 


The study is theoretical but is directed towards the 
problems of growing crystals for scintillators by the 
Obreimov-Shubnikov or Stockbarger methods. It is also 
important for zone refining and other situations where 
there are impurities in a growing crystal. The diffusion 
equations are set up and lead to an integral equation 
which is soluble by iteration. The solution depends on 
two dimensionless parameters. These are g , the 
distribution coefficient, or coefficient of purification, 


and i =: (vH/4p) 4? where D is the diffusion 
coefficient, H the height of the crystalline phase and 
the melt above it and vt the depth which has solidified. 
Curves are drawn for Al and 4 “1. Both are 
experimentally observed under various conditions. 
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PERIODICAL: Kristallografiya, 1959, Vol 4, Nr 6, pp 898-903 (USSR) 


ABSTRACT: Continuing the subject of thelr previous article 
(Abstract 74889), the authors analyze the effects of 
curved interfaces and of thermal diffusion on the 
impurity distribution in growing crystals. A curved 
crystal interface depending on amblent temperature 
gives rise to a radial impurity distribution which 
contributes essentially to the nonuniform composition 
of the grown crystal. Thermal diffusion is a function 
of the transverse temperature gradient in both the 
crystal and the melt. ‘The rate at wnich a crystal 
interface moves transverse to itself is lower than 
the rate at which a constant ambient temperature 
becomes established. Consequently, assuming steady- 
state temperature, the coefficlents of thermal conduc- 

Card 1/5 tivities MX, and KX» of the crystal and the melt can 
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be determined according to Laplace equations 
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of which the second must be replaced by 


“LG a Shes pqu( -£ 0’ (r)y-% 
‘ 7 a y heke (5) 

where 2 = G(r) describes a curved interface in terms 
of the radius of curvature r and the height z of the 
crystalline layer in the container; = is derivative 


from the temperature variable in direction normal to 
the {nterface; G is the heat transfer coefficient of 
the contalner; p is denolty; q is latent heat of 
melting; pay is the heat flow produced by crystal 


¢ : . 
Card 2/5 growth; T’(%) Ls a given temperature such as in a furnace; 
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H is the height of the container. The change in 


impurity content because of curved interface is de- 
fined by 


@ 
Cho ox- y ; 
it am (z, ¢)./, (Har /a), (10) 


where H.,, 18 the root of 11 () "= 0; coefficient € 
u, at a given time't ana height z is defined by 
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Dis the coeffictent of diffusion. The Green equation . 
in the case of a curved interface is written 


{ tt (t—1) ~ Fe 
Ga(z, t &, t) = ~ TyaESe a ce PUT y(t —4), (12) 
n ~— tT 
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where T and a are the same as in original Green 
functions, The change in impurity content because of 


ch=—ae Y \e? el (s) — In Tas. (25) 
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and in the case Of curved interface by 


or re HC) — 9 EO. Demy, (29) 


where 7) denotes thermal diffusion, B = ( 22 i as 


es? is impurity content before corrections for thermal 

diffusion and curved interface, The two corrections 

Generally have Opposite signs, The former correction 

is usually 8maller and can frequently be disregarded, 

L. G, Eydel'man and A. M. Patner are aclnowledged for 

discussions. ‘There are 5 figures; and 4 Soviet rer- 
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Investigation of Certain Physical Phenomena Occurring 
at High Temperature*on the Surface of Crystalline 
Substances. IV. Analytical Study of the Kinetics of 
"Self-Healing" of Artificial Defects on the Surface of 
Solid Bodies 


Fizika metallov i metallovedeniye, 1960, Vol 9, Nr 3, 
pp 379-384 (USSR) 


When single crystals or polycrystalline substances are 
maintained at elevated temperatures, physical changes 
occur which lead to a decrease in the free surface energy. 
The object of the investigation, described in the present 
paper was to derive expressions describing the kinetics 

of the process of "self-healing" (levelling) of artificial 
surface defects, in the belief that analytical solution 

of this problem would assist in the experimental studies 
of the abovementioned phenomena, The calculations were 
carried out for a defect whose geometry is illustrated in 
Fig 1, this shape having been chosen owing to its 
simplicity and also because it can be easily ieee 
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Study of the Kinetics of "Self-Healing" of Artificial Defects on the 

Surface of Solid Bodies 


experimentally. In the case of crystalline bodies, 

three mechanisms of the process of "self-healing" can 

be distinguished: volume diffusion, surface diffusion 
and transfer of the material by the vapour phase 
(re-condensation). Although these three mechanisms 
operate simultaneously, each of them was analyzed 
separately by the present authors in order to establish 
the conditions under which a given mechanism plays the 
predominant part. The relative contribution of the 
volume and surface diffusion can be assessed from the 
first principles of the theory of diffusion (Ref 3 and 6). 
For a given magnitude of the gradient, determining the 
diffusion flux, the ratio between the volume and surface 
diffusion fluxes (Sy: 3) is, in the case under 
consideration, given (Ref 3,5) by e=~ DyL/D,4A; 

wheret L ~ width of the scratch; 4\ ~- thickness of 7 


Card 2/9 layer in which surface diffusion takes place; its 
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magnitude is of the order of the lattice parameter at 
temperatures near the moueene point. If L = 107* cm, 
Q ~ 10-7 cm, Dy/Dg = 10-8 cm@/sec, then &€ = 10-3, 
ie the volume diffusion flux is small in comparison with 
the surface diffusion. Although, in the case of large 
scratches (L 10-1 to 10-5 cm), this conclusion may not 
be correct, the problem under consideration was analyzed 
under the assumption that only surface diffusion and 
re-condensation play a significant part in the process of 
levelling of a surface scratch. The factor which, in the 
case of both mechanisms, stimulates "self~healing" is the 
existence of a chemical potential gradient along the line 
joining the flat surface of the crystal with the centre 
(root) of the crack (Ref 3,5). The kinetics of the 
process of “self-healing" of such a crack are described 
by differential equations derived by Mullins (Ref 3) for 
the process of formation of a symmetrical groove between 
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two adjacent grains ina polycrystalline specimen, 

Eq (1) relates to the re-condensation mechanism, 

Eq (2) to the mechanism of surface diffusion, the 
constants A and B_ being given by Eq (3) and (4) 
respectively, where: P - equilibrium vapour pressure} 

V - volume occupied by one atom in the crystal lattice; 

m - atomic mass}; n - surface atom density; Dg - surface 
diffusion coefficient; k - Boltzman constant; 

T - absolute temperature; o - surface tension coefficient 
assumed to be isotropic; 6 - interatomic distance 
(lattice parameter). The solution of Eq (1) for the case 
of scratch illustrated in Fig 1, obtained for the 

starting and limiting conditions given by Eq (5), takes 
the form given by Eq (6). Since, under experimental 
conditions, it is easiest to determine the variation of 
the depth h of the scratch, an expression for h ata 
given moment was obtained from Eq (6); this expression 
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is reproduced as Eq (7), where +t = 4aAt/%2 represents 
dimensionless time. The relationship between h(t)/ho 
and +t is represented by curve b in Fig 2. When T is 
large, the relationship described by Eq (7) becomes 
asymptotic and is given by Eq (7a). Since at 1=1, 
h/ho = 1/2, the half-time of the "self-healing" process 
can be obtained from the formula given as Eq (8). It is 
pointed out in this connection that if the half-time 


2 
the is determined experimentally and if the vapour 


pressure of the investigated substance is known, it is 
possible to calculate the surface tension coefficient 
from the formula given as Eq (9). With the aid of Eq (6), 
it is possible to construct curves, representing the shape 
of the scratch at various 1. Curves of this type, 

Card 5/9 constructed for the re-condensation mechanism, are V 
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reproduced in Fig 3. The solution of Eq (2) describing 
the kinetics of "self-healing" of the crack, illustrated 
in Fig 1, by the mechanism of surface diffusion was 
obtained for the starting and limiting conditions, given 
in Eq (10). The general solution is given by Eq (11) 
from which a formula (Eq (12) ) , describing the variation 
of the depth h of the chad au with time, was derived; 
in this formula Cc 16 Bt/f represents dimensionless 
time. For $>8, (3) can be determined with the aid 
of an asymptotic function, given as Eq (12a), from which 
it will be seen that the depth of the scratch varies with 
time, according to hw t-l/4, Curve a in Fig 2 
represents the relationship h/ho = y(€). Since at § 2l * 
h/ho = 1/2, the half-time of the "self-healing" process 
(taking place by the mechanism of surface diffusion) can 
be calculated from Eq (13). From Eq (4) and (13) a 

Card 6/9 formula for the surface diffusion coefficient can be 
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derived in the form given by Eq (14). Thus, 

experimental data on "self-healing" of surface defects 

by the mechanism of surface diffusion can be used for 
determining the coefficient of surface self-diffusion. 
Graphs, showing the varying of the profile of the scratch 
in time, are reproduced in Fig 4. Regarding the 
relative parts played by these two mechanisms in the 
investigated process, they can be assessed by considering 
the ratio y of the half-times of the "self-healing" 
processes, which is given by Eq (15). It will be seen 
that y depends, to a large extent, on the width of the 
scratch 2 , which means that the re-condensation 
mechanism, insignificant in the initial stages of the 
"self-healing" process, may play the predominant part in 
its final stages. This is due to the fact that as the 
width of the scratch increases, so does the diffusion 
path, whereas the rate of transfer of the material by “W 
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vapour phase is independent of the distance. 
Unfortunately, in the absence of data on Ds, 
no qualitative assessment of the magnitude of Y can 
be made. However, there is no doubt that as the 
temperature of the substance approaches its melting 
point, the part played by the re-condensation process 
becomes larger since both Pg and D, increase 
exponentially with rising temperature and the heat of 
evaporation is always larger than the activation energy 
of surface self-diffusion. The present authors 
Calculated the approximate value of y for several 
metals characterized by low vapour pressure. To simplify 
the calculations, it was assumed that the surface 
diffusion coefficients are isotropic and that the 
crystal lattice in the vicinity of the scratch is in the 
state of equilibrium, ie free from micro-defects. 

Card 8/9 Taking Dg ~ 10-4 to 10-5 cm2/sec, n % 1015 cm-2 ’ YY 
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